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The complete primary structure of cycad pollen histone H3 has been established. Microheterogeneity in 
several positions revealed the presence of H3 variants. Various lysine residues in the N-terminus were found 
to be completely or partially methylated. The cycad H3 sequence is compared to that of pea and calf. 
Amino acid sequence Histone H3 (Cycad pollen) 
1. INTRODUCTION 
A considerable number of complete and partial 
sequences of histones from the animal kingdom 
has been established [ 11. Less is known about plant 
histones with the exception of histone 3 and 4 from 
pea seedlings [2,3]. Plant histones are more dif- 
ficult to extract, resulting in low yields and their 
purification is complicated by the presence of 
typical plant components and in certain cases by 
that of isohistones [4]. We report here the com- 
plete primary structure of histone H3 extracted 
from the pollen of Cycads, one of the oldest living 
plants, known to have existed 200 million years 
ago. 
2. MATERIALS AND METHODS 
Histone H3 was isolated from cycad pollen 
(Encephalartos altensteinil] as described previously 
by dimerization via the single cysteine residue 
followed by size exclusion chromatography [5,6]. 
Peptide P.l, an endogenous proteolytic fragment 
of histone H3, was isolated by chromatography us- 
ing Biogel P-60 [7]. The remaining fragments were 
generated via N-bromosuccinimide cleavage at 
tyrosine residues, CNBr cleavage at methionine, 
* To whom correspondence should be addressed 
tryptic and Staphylococcus aureus protease diges- 
tions and purified as described by us for yeast 
histone H3 [S]. Peptides generated by S. aureus 
protease digestion were subjected to additional 
purification on a Waters pBondapak C-18 reverse- 
phase column in 0.05 M trifluoroacetic acid (TFA) 
using a linear acetonitrile gradient. The insoluble 
tryptic core was isolated as in [S]. 
Histone H3 fragments Pl , NB-2a and CN-2 (for 
the nomenclature of peptides see fig.1) were se- 
quentially degraded using the spinning cup pro- 
cedure [9] and gas chromatography with amino 
acid analysis after back hydrolysis of the Pth- 
amino acids (when required) for their identifica- 
tion [lo]. All other peptides were degraded by gas- 
phase sequencing [ 111, using reverse-phase 
chromatography for the identification and quan- 
titation of the amino acid derivatives [12] (fig.2). 
3. RESULTS AND DISCUSSION 
The primary structure of histone H3 isolated 
from cycad pollen has been established by essen- 
tially the same approach used for chicken, shark 
[lo] and yeast histone H3 [S]. Chemical fragmenta- 
tion has been supplemented by enzymatic digestion 
using trypsin and S. aureus protease [ 131. The lat- 
ter gives a limited number of fragments which also 
help to confirm the positions of glutamic acid 
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residues which are more difficult to assign due to 
the partial deamidation of glutamic acid residues 
during the isothiocyanate degradation. S. aurews 
protease cleavage had to be applied because cycad 
histone H3 contains, different from other histones 
H3, only one methionine and 2 tyrosine residues 
[5]. Also, we observed drastic reduction in the 
repetitive yield at Thr-Asn and Asp-Thr-Asn dur- 
ing the isothiocyanate degradation. This led to 
premature termination of sequencing at those posi- 
tions, thus requiring the generation of additional 
fragments. 
obtained during the degradation of the various 
peptides are given in fig.2. The complete sequence 
is given in fig.3. 
Details of the fragmentation and the set of 
overlapping and adjoining peptides that have been 
used for the elucidation of the primary structure 
are given in fig.1. Yields of the Pth-amino acids 
~icroheterogeneity was observed at positions 
53,96, 107 and 124 (fig.3). The microheterogeneity 
at positions 53 and 107 is also evident from the 
isolation of 2 sets of Staphylococcus protease 
fragments from the respective sequence regions. 
These peptides isolated by reverse-phase chroma- 
tography differed in the corresponding residues 
(not shown). The minor residues in all positions of 
heterogeneity comprised between 20 and 30% of 
the total. The replacements in the cycad H3 are 
conservative in nature and could have arisen by a 
single base change in the common ancestral gene. 
If the microheterogeneity in cycad H3 is the result 
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Fig.1. Alignment of peptides generated from cyead pollen histone H3. BoId lines represent regions of the fragments 
that have been sequenced, ending in the last assigned amino acid in single letter notation. Peptides that have not been 
isolated are represented by a series of dots. P, endogenous proteolytic cycad pollen enzyme [7]; NB, N- 
bromosuccinimide cl avage; CN, cyanogen bromide cleavage; SA; S. aureus protease cleavage. The first arabic numeral 
following any of the symbols for the cleavage gives the elution order from Sephadex G-50 with 0.01 N HCl as eluant. 
The second arabic numeral in the SA fragments gives the relative position of elution of the peptide during reverse-phase 
HPLC. 
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Fig.2. Yields of Pth-amino acid residues obtained during the elucidation of the primary structure of cycad histone H3 
by the isothiocyanate degradation of cycad histone. The yields of the residue assigned to a particular position, preceded 
and followed by the yields of the significant residue, are given per sequencing cycle. The residues are given in single 
letter notation. Methylated lysine residues were determined by amino acid an$ysis after back-hydrolysis of the Pth- 
amino acids [6]. The presence of methylated lysine residues is indicated by K. Sequence heterogeneity is shown by 
presence of 2 amino acids at a particular degradation cycle. 
of the presence of only one variant, this minor 
variant differs in as many as 4 positions. Whether 
this heterogeneity is related to the presence of 2 cell 
types with diploid and haploid genome in the 
pollen is not yet known. 
The major cycad histone H3 variant differs in at 
least 2 positions from that of pea [2] and in 3 posi- 
tions from the calf histone [14] (fig.3). Pea and 
calf histone H3 differ in 4 positions. All these 
inter- and intra-species replacements are conser- 
vative in nature. 
The slow evolutionary change in histones lends 
itself to the study of distant phylogenetic relation- 
ships [8]. It is generally assumed, largely based on 
the fossil record, that the evolutionary stems 
leading to present-day plants and vertebrates have 
diverged from a common ancestor approx. 1.1 
billion years ago. On the basis of accepted point 
mutations in the cycad histone H3 the gene for this 
protein must have diverged about 500 million years 
ago from that present in today’s angiosperms. This 
point of divergence is substantially earlier from 
that postulated from the fossil record of only 280 
million years ago for gymnosperms and 
angiosperms [15]. This discrepancy may be due to 
a number of reasons, e.g. the fossil record in- 
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Fig.3. Amino acid sequence of histone H3 from cycad 
pollen. Lysine residues 4, 9 and 27 were mono- and 
dimethylated (m) to the extent of approx. 20, 100 and 
100% [6]. Positions 53, 96, 107 and 124 were found to 
be heterogeneous (see fig.2). The minor amino acid in 
each case comprised between 20 and 30% of the total. 
Only the sequence positions of calf and pea that differ 
from the cycad histone are shown. 
dicates the period when a successful species was 
present in abundance but not its appearance on the 
evolutionary scene, whereas sequence data on pro- 
teins of multigene families give the time of the 
establishment of a new structural gene which with 
almost certainty will precede the speciation by a 
long period. Also, the few mutations on which the 
estimates rest may not be statistically meaningful, 
or the rate of histone evolution varies in different 
organjsms or cell types. Nevertheless, this ap- 
parently early separation of the H3 histone gene of 
the angiosperm line is in accord with our previous 
finding on the much older than hitherto assumed 
divergence of the histone H3 genes [8,16] for 
present-day yeast, protozoan [17] and modern 
animals. Some of the implications resulting from 
setting the evolutionary clock with the histone 
mutation rate for the date of eucaryotic cell origin 
have been discussed previously [8]. 
Cycad pollen histone H3 moves as a single band 
on electrophoresis in acid urea gels, indicating the 
absence of lysine acetylation. However, meth- 
ylated lysine residues are present and occur mainly 
as the mono- and di-derivatives (fig.3). Some of 
the methylatjon sites are different from those 
found in pea and calf [Z&,14]. The highly con- 
served nature of most of the methylated sites in- 
dicates an important, not yet understood role of 
this modification, 
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